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Abstract

Introduction: Coronavirus 2019 (COVID-19) can increase ca-
tabolism and result in hyperuricemia. Uric acid (UA) poten-
tially causes kidney damage by alteration of renal autoregu-
lation, inhibition of endothelial cell proliferation, cell apo-
ptosis, activation of the pro-inflammatory cascade, and
crystal deposition. Hyperuricemia in patients with COVID-19
may contribute to acute kidney injury (AKI) and poor out-
comes. Methods: We included 834 patients with COVID-19
who were >18 years old and hospitalized for >24 h in the
Mount Sinai Health System and had at least 1 measurement
of serum UA. We examined the association between the first
serum UA level and development of acute kidney injury (AKI,
defined by KDIGO criteria), major adverse kidney events
(MAKE, defined by a composite of all-cause in-hospital mor-
tality or dialysis or 100% increase in serum creatinine from
baseline), as well as markers of inflammation and cardiac in-
jury. Results: Among the 834 patients, the median age was
66 years, 42% were women, and the median first serum UA

was 5.9 mg/dL (interquartile range 4.5-8.8). Overall, 60% ex-
perienced AKI, 52% experienced MAKE, and 32% died during
hospitalization. After adjusting for demographics, comor-
bidities, and laboratory values, a doubling in serum UA was
associated with increased AKI (odds ratio [OR] 2.8, 95% con-
fidence interval [CI] 1.9-4.1), MAKE (OR 2.5, 95% Cl 1.7-3.5),
and in-hospital mortality (OR 1.7, 95% Cl 1.3-2.3). Higher se-
rum UA levels were independently associated with a higher
level of procalcitonin (3, 0.6; SE 0.2) and troponin | (3, 1.2; SE
0.2) but were not associated with serum ferritin, C-reactive
protein, and interleukin-6. Conclusion: In patients admitted
to the hospital for COVID-19, higher serum UA levels were
independently associated with AKI, MAKE, and in-hospital
mortality in a dose-dependent manner. In addition, hyper-
uricemia was associated with higher procalcitonin and tro-
ponin | levels. ©2021 5. Karger AG, Basel

Introduction

Acute kidney injury (AKI) has been reported in 20—
45% of patients hospitalized for Coronavirus 2019 (CO-
VID-19) and is associated with lower survival [1, 2]. The
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pathogenesis of AKI in COVID-19 is multifactorial and
can be related to direct viral invasion into kidney cells or
as a repercussion of multiple organ dysfunctions and
complications of therapeutic interventions. In either path-
way, the inflammatory and immunological response is a
crucial key player in the pathophysiological process [3, 4].
AKI due to COVID-19 compared to other forms of AKI
appears to manifest in a worse phenotype of AKI in terms
of incidence, severity, and electrolyte derangements [5].
Uric acid (UA) is an end product of purine metabo-
lism. Serum UA level is a result of counterbalance be-
tween UA production and excretion. In patients with
normal glomerular filtration rate, kidneys excrete ap-
proximately 70% of daily produced UA, and this propor-
tion becomes less in patients with kidney disease, and the
remaining 30% UA is secreted in the intestine and is me-
tabolized by uricolysis [6, 7]. In catabolic situations as
serum UA increases, it can potentially cause kidney dam-
age by crystal-dependent and independent mechanism:
alteration of renal autoregulation, inhibition of endothe-
lial cell proliferation, enhanced endothelial cell apoptosis,
tubular-mesenchymal transition and apoptosis, activa-
tion of the pro-inflammatory cascade, and crystal deposi-
tion in the outer medulla and precipitation inside the tu-
bules [8-10]. In non-COVID-19, hyperuricemia has
shown to be associated with a higher risk of AKI, progres-
sion of chronic kidney disease (CKD), and mortality [11-
13]. While a case series described a complex of hypercat-
abolic patients, manifested by severe hyperuricemia, hy-
perphosphatemia, and hyperkalemia, studies evaluating
an association between serum UA levels and clinical out-
comes in COVID-19 patients remain limited [14].
Studies have shown that inflammatory cytokines are
significantly higher in COVID-19 patients than controls
[15, 16]. Inflammatory cytokines have a direct catabolic
effect on skeletal muscle and cause wasting of muscles
and eventually apoptosis [17, 18]. Increased muscle
breakdown has been suggested in patients with AKI and
COVID-19 [19]. Studies have also shown the involve-
ment of myocardial injury in severe COVID-19 patients,
which is defined by the elevated troponin levels [20]. The
possible mechanisms of troponin elevation associated
with COVID-19 include microvascular injury, stress car-
diomyopathy, acute coronary syndrome, hypoxia, sys-
temic inflammatory response, and direct viral injury [21].
Tissue hypoxia and cell death cause hyperuricemia, which
furthers microvascular disease, inflammation, endothe-
lial dysfunction, and kidney disease [22]. Several inflam-
matory biomarkers, such as interleukin-6 (IL-6), C-reac-
tive protein (CRP), procalcitonin, and ferritin; and car-
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diac injury marker, such as, troponin are predictors of
poor clinical outcomes in COVID-19 [23]. The objective
of this study was to evaluate the association between se-
rum UA levels and various clinical outcomes such as AKI,
major adverse kidney event (MAKE), and in-hospital all-
cause mortality, as well as the association with various
inflammatory biomarkers, and cardiac injury marker in
patients hospitalized with COVID-19.

Methods

Study Population

The study included patients who were admitted to the Mount
Sinai Health System (MSHS) between January 2020 and December
2020. Patients were included if they were at least 18 years old, had
laboratory-confirmed SARS-CoV-2 infection, and had at least 1
serum UA measured during their hospitalization. We excluded pa-
tients with known end-stage kidney disease before admission and
patients who were hospitalized for <24 h.

Data Collection and Study Variables

The data were obtained from the Mount Sinai Data Warehouse
(MSDW), which collects clinical, operational, and financial data
for use in clinical and translational research from the MSHS. We
obtained demographic information, which included age, sex, race/
ethnicity (defined as white, black, Hispanic, Asian or Pacific Is-
lander, and others), vital signs and laboratory values during the
admission, comorbidities, and medication information. We de-
fined pre-existing conditions by the presence of ICD-9/10-CM
codes associated with a specific disease obtained from the admis-
sion history.

Clinical Outcomes and Exposure

The primary exposure was the first serum UA concentration
during the admission. To examine the association between serum
UA levels and outcomes, the study population was stratified ac-
cording to the quartiles of serum UA, as well as continuously (log,
transformed).

The primary outcomes were AKI, MAKE, and all-cause in-hos-
pital mortality. AKI was defined as per Kidney Disease Improving
Global Outcomes (KDIGO) criteria, which is a change in the serum
creatinine of 0.3 mg/dL over 48 h or a 50% increase from baseline
creatinine. For patients with previous serum creatinine in the
7-365 days before admission, the most recent serum creatinine val-
ue was considered the baseline creatinine. For patients with a miss-
ing baseline creatinine, the value was imputed based on the Modi-
fication of Diet in Renal Disease (MDRD) study equation assuming
that baseline eGFR of 75 mL/min per 1.73 m? as per the KDIGO
AKI guidelines [24]. MAKE was defined as the composite of all-
cause mortality, acute renal replacement therapy or >100% increase
in serum creatinine from baseline during admission. In-hospital
mortality was defined by the survival status at discharge. The sec-
ondary outcomes included systemic inflammatory biomarkers and
troponin I. The systemic inflammatory biomarkers included pro-
calcitonin, ferritin, CRP, and IL-6, which were measured as part of
clinical care. For these secondary outcomes, the value most proxi-
mal to the serum UA value was considered in the analysis.
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Statistical Analyses

Baseline characteristics were reported by serum UA quartiles
as medians and interquartile ranges (IQRs) for continuous vari-
ables, and as counts and percentages for categorical variables.
We used Kruskal-Wallis for normally and non-normally distrib-
uted continuous variables and x*/fisher tests for comparison
across the groups. For skewed data distributions, we performed
a natural logarithmic transformation to the base 2 (Log,) for se-
rum UA levels and pro-inflammatory biomarkers. Logistic re-
gression models were generated to estimate the unadjusted and
multivariable-adjusted associations between serum UA and pri-
mary outcomes. Linear regression models were used to examine
the association of serum UA and log-transformed values of in-
flammatory biomarkers individually. For each outcome of inter-
est, we fit a series of hierarchically adjusted models, where the
final adjusted model included covariates of age, sex, race, co-
morbidities (including diabetes mellitus, CKD, hypertension,
and chronic obstructive pulmonary disease [COPD]), and labo-
ratory values (including potassium, lactate dehydrogenase, and
admission serum creatinine). Covariates were chosen based on
univariate testing and physician's input. We examined the pos-
sible nonlinear relation between serum UA concentration and
each primary outcome with a restricted cubic spline. Statistical
analyses were performed using SAS software, version 9.4 (SAS
Institute Inc., Cary, NC, USA). All statistical tests were 2-sided,
and p < 0.05 was considered significant. The Mount Sinai Insti-
tutional Review Board approved this research under protocol
STUDY-20-00523.

Subgroup Analysis and Comparison with Non-COVID

Population

For a subgroup analysis, we identified patients who developed
AKI during hospitalization and serum UA level available before
developing AKI. Logistic regression models were generated to es-
timate the unadjusted and multivariable-adjusted associations be-
tween serum UA and primary outcomes within the subgroup pop-
ulation.

Results

A consort diagram of included patients and outcomes
is depicted in online supplementary Figure 1 (see www.
karger.com/do0i/10.1159/000520355 for all online suppl.
material).

Study Participants

We included a total of 834 patients admitted with CO-
VID-19 who fulfilled our inclusion and exclusion criteria.
Baseline creatinine was available prior to admission in
334 (40%) patients. Baseline characteristics for all par-
ticipants and by serum UA quartiles are presented in Ta-
ble 1. The median age was 66 years old (IQR, 54-76), and
347 (41.6%) were female. Overall, the median of the first
serum UA level was 5.9 mg/dL (IQR, 4.5-8.8) and 316
(37.9%) were hyperuricemic (>7 mg/dL).
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Patients in the highest serum UA quartile compared
to the lowest quartile were older (median age, 70 years
[IQR, 60-79] vs. 63 [IQR, 50-72]; p < 0.001). Comor-
bidities such as diabetes mellitus, CKD, COPD, and hy-
pertension were more frequent among patients in the
highest serum UA quartile than the lowest quartile (Ta-
ble 1). In laboratory results, patients in the highest serum
UA quartile had higher levels of median admission cre-
atinine, phosphorus, procalcitonin, serum troponin I,
and creatinine phosphokinase than the lowest quartile
(Table 1).

Serum UA and Primary Outcomes

Among the 834 hospitalized patients, 502 (60.2%) par-
ticipants experienced AKI per the KDIGO criteria, 434
(52%) had MAKE, and 264 (31.7%) died during hospital-
ization. Individuals in the highest quartile of serum UA
compared to the lowest quartile had the highest propor-
tion of patients developing AKI (95.1% vs. 30.9%), MAKE
(80% vs. 16.7%), and in-hospital mortality (46.8% vs.
23.0%; Fig. 1).

Table 2 shows unadjusted and multivariable-adjusted
odds ratios (ORs) with 95% confidence intervals (CIs) ac-
cording to admission serum UA level as a continuous
variable and by quartiles. Although there was marked at-
tenuation of the point estimates between serum UA levels
and the primary outcomes after adjustment for demo-
graphics, comorbidities, admission laboratory values,
and admission serum creatinine, each doubling (log,
transformed) in serum UA level was still independently
associated with higher odds of AKI (OR 2.8 [95% CI 1.9-
4.1], p < 0.001), MAKE (OR 2.5 [95% CI 1.7-3.5], p <
0.001), and in-hospital mortality (OR 1.7 [95% CI 1.3-
2.3], p 0.001) (Fig. 2). Similarly, the highest quartile of
serum UA level was significantly associated with AKI
(OR 8.6 [95% CI 3.7-19.9], p < 0.001), MAKE (OR 4.6
[95% CI 2.4-8.7], p < 0.001), and in-hospital mortality
(OR 2.3 [95% CI 1.3-3.6], p 0.04) compared to the lowest
quartile (Table 2).

Serum UA and Pro-Inflammatory Biomarkers

The associations of serum UA levels (continuous log,
and quartiles) with log,-transformed admission level
pro-inflammatory markers are presented in Table 3. In
univariate analysis, higher serum UA was significantly as-
sociated with a higher level of procalcitonin (, 1.24; SE
0.13; p < 0.001) and ferritin (B, 0.26; SE 0.20; p = 0.01) but
not with CRP and IL-6. Only procalcitonin remained sig-
nificant (B, 0.57; SE 0.15; P= <0.001) after adjustment for
aforementioned covariates (Table 3).

Chauhan/Pattharanitima/Piani/Johnson/
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Fig. 1. Proportion reaching the primary outcomes (AKI, MAKE, and in-hospital mortality) by uric acid quartiles.
This figure shows the proportion of outcomes such as AKI, MAKE, and in-hospital mortality by serum UA quar-
tiles. AKI, acute kidney injury; MAKE, major adverse kidney event; UA, uric acid.

Table 2. Unadjusted and adjusted logistic regression of serum UA on primary outcomes

N N (%) with outcome  'Unadjusted OR 2Adjusted OR 3Adjusted OR
AKI (KDIGO)
UA (logy) 834 502 (60.2) 6.5 (4.9-8.8) 4.9 (3.5-6.8) 2.8 (1.9-4.1)
Quartiles, mg/dL
1.5to <44 204 63 (30.9) Ref Ref Ref
>4.5t0<5.8 206 91 (44.2) 1.8(1.2-2.7) 1.7 (1.1-2.6) 1.5(1.0-2.4)
>591t0<8.8 219 153 (69.9) 5.2(3.4-7.9) 4.2 (2.6-6.6) 2.5(1.5-4.2)
>8.9to<21.5 205 195 (95.1) 43.6 (21.6-88.0) 27.2(12.5-59.1) 8.6 (3.7-19.9)
MAKE
UA (logy) 834 434 (52.0) 4.8 (3.7-6.2) 3.9(2.9-5.3) 2.5(1.7-3.5)
Quiartiles, mg/dL
1.5to <44 204 56 (27.5) Ref Ref Ref
>45t0<5.8 206 76 (36.9) 1.5(1.0-2.3) 1.5(1.0-2.4) 1.4(0.9-2.2)
>591t0<8.8 219 126 (57.5) 3.6 (24-54) 3.2 (2.0-5.1) 2.2(1.4-3.6)
>8.9t0 <21.5 205 176 (85.9) 16.0 (9.7-26.4) 11.4 (6.4-20.2) 4.6 (2.4-8.7)
Death
UA (logy) 834 264 (31.7) 1.9(1.5-2.4) 1.7 (1.3-2.2) 1.7 (1.3-2.3)
Quartiles, mg/dL
1.5to <44 204 44 (21.6) Ref Ref Ref
>4.5t0<5.8 206 52(25.2) 1.2 (0.8-1.9) 1.3(0.8-2.1) 1.3(0.8-2.1)
>591t0<8.8 219 78 (35.6) 2.0(1.3-3.1) 1.8(1.1-3.0) 1.9 (1.2-3.0)
>89to<21.5 205 90 (43.9) 2.8 (1.8-4.4) 2.2(1.3-3.7) 2.3(1.3-3.6)

AKI, acute kidney injury; MAKE, major adverse kidney event; UA, uric acid; CKD, chronic kidney disease; LDH, lactate dehydrogenase;
COPD, chronic obstructive pulmonary disease; KDIGO, Kidney Disease Improving Global Outcomes; OR, odds ratio. ' Unadjusted model.
2 Adjusted for age, sex, race, diabetes mellitus, CKD, hypertension, COPD, potassium, and LDH. 3 Adjusted for age, sex, race, diabetes mel-
litus, CKD, hypertension, COPD, potassium, LDH, and admission creatinine.

Hyperuricemia in COVID-19
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Fig. 2. Association between serum uric acid concentration and primary outcomes (AKI, MAKE, and in-hospital
mortality). This figure represents the results from fully adjusted* restricted cubic spline model. Mean serum uric
acid concentration (6.9 mg/dL) is used as a reference point. * Adjusted for age, sex, race, diabetes mellitus, CKD,
hypertension, COPD, potassium, LDH, admission creatinine. AKI, acute kidney injury; MAKE, major adverse
kidney event; UA, uric acid; CKD, chronic kidney disease; LDH, lactate dehydrogenase; COPD, chronic obstruc-

tive pulmonary disease.

Serum UA and Troponin I

In univariate analysis, serum UA (continuous log, and
quartiles) were strongly associated with increase in tropo-
nin I levels, even after adjustment for covariates (3, 1.17;
SE 0.18; p < 0.001). In comparison of serum UA level >7
(for men) and =6 (for women) versus <7 (for men) and
<6 (for women) mg/dL, the association remained signifi-
cant for 27 (for men) and 26 (for women) level (3, 1.48;
SE 0.24; p < 0.001) compared to <7 (for men) and <6 (for
women) mg/dL level (Table 4).

Subgroup Analyses

We included a total of 466 patients in a subgroup anal-
ysis, from which 134 patients developed AKI during hos-
pitalization and had the first serum UA level available be-
fore developing AKI, and remaining 332 patients had no
AKI during hospitalization. In unadjusted analysis, each
doubling in serum UA level was independently associated
with higher odds of AKI, MAKE, and in-hospital mortal-
ity but the association was attenuated after adjustment for
aforementioned covariates (online suppl. Table 1).

Discussion

In patients admitted to the hospital for COVID-19, we
found that higher serum UA levels were independently
associated with AKI, MAKE, and in-hospital mortality in
a dose-dependent manner. In addition, hyperuricemia

6 Am J Nephrol
DOI: 10.1159/000520355

was associated with higher serum procalcitonin and tro-
ponin I levels.

The reasons why higher serum UA associates with
worse clinical outcomes remain uncertain, but we postu-
late a possible mechanism. SARS-CoV-2 binds to mem-
brane-bound angiotensin-converting enzyme-2 to gain
entry into host cells and replicate themselves [25]. Infect-
ed host cells trigger pro-inflammatory cytokines, chemo-
kines, and inflammatory cascades. In some cases, this im-
mune response is dysregulated and leads to cytokine
storm. These events occur concurrently with endothelial
dysfunction and platelet activation which in turn result in
increased vascular permeability, widespread inflamma-
tion, hypercoagulation, multiple organ damage, and fail-
ure [26, 27]. In severe cases, this cascade of events causes
enough cellular damage releasing multiple intracellular
contents into blood circulation, including nucleotides,
which are subsequently metabolized into UA, and even-
tually increase serum UA level. Studies have also shown
that higher serum UA level can stimulates angiotensin II
production through renin-angiotensin system, which
may ultimately facilitate SARS-CoV-2 enter into the host
cells [28, 29]. In this study, we found that serum potassi-
um, phosphorus, lactate dehydrogenase, creatinine phos-
phokinase, and troponin I, which are surrogate markers
for cellular damage, are significantly greater in patients in
the higher quartiles of serum UA. These studies would be
consistent with the rise in serum UA representing anoth-
er feature of the catabolic and pro-inflammatory state.

Chauhan/Pattharanitima/Piani/Johnson/
Uribarri/Chan/Coca
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Table 3. Unadjusted and adjusted linear regression of serum UA on log,-transformed pro-inflammatory biomarkers

"Unadjusted 2Adjusted 3Adjusted
estimates standard pvalue estimates  standard pvalue  estimates standard p value
error error error
Procalcitonin (N = 747)
UA (logy) 1.24 0.13 <0.001 0.9 0.14 <0.001 0.57 0.15 0.0001
Quartiles, mg/dL
1.5to <44 Ref Ref Ref
>45t0<5.8 -0.12 0.25 0.6 -0.1 0.25 0.7 —0.11 0.24 0.6
>591t0<8.8 0.97 0.25 0.0001 0.7 0.25 0.01 0.53 0.25 0.03
>89to<21.5 2.15 0.25 <0.001 1.63 0.28 <0.001 1.06 0.28 0.0002
Ferritin (N =790)
UA (logy) 0.26 0.1 0.009 0.08 0.1 0.4 -0.1 0.11 0.5
Quartiles, mg/dL
1.5t0 <44 Ref Ref Ref
>4.510 <5.8 -0.32 0.2 0.1 —-0.44 0.18 0.01 -0.44 0.18 0.01
>591t0<8.8 -0.29 0.19 0.1 -0.41 0.18 0.03 -0.5 0.18 0.01
>89to<21.5 0.39 0.2 0.1 0.07 0.2 0.7 -0.18 0.21 0.4
CRP (N=611)
UA (logy) 0.18 0.09 0.05 0.1 0.1 0.3 0.1 0.1 0.3
Quartiles, mg/dL
1.5to <44 Ref Ref Ref
>4.5t0<5.8 0.004 0.18 1 0.06 0.17 0.7 0.06 0.17 0.7
>5.91t0 <8.8 0.38 0.18 0.03 0.27 0.18 0.1 0.26 0.18 0.2
>89to<21.5 0.26 0.18 0.14 0.13 0.2 0.5 0.11 0.21 0.6
IL-6 (N=542)
UA (logy) 0.16 0.11 0.1 0.11 0.12 0.4 —0.001 0.13 0.9
Quartiles, mg/dL
1.5t0<4.4 Ref Ref Ref
>45t0<5.8 -0.02 0.21 0.9 -0.07 0.21 0.8 —0.06 0.21 0.8
>591t0<8.8 0.17 0.21 0.4 0.18 0.22 0.4 0.13 0.22 0.5
>89to <215 0.37 0.21 0.1 0.3 0.24 0.2 0.13 0.25 0.6

UA, uric acid; CKD, chronic kidney disease; LDH, lactate dehydrogenase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; IL, interleukin. " Unadjusted model. 2 Adjusted for age, sex, race, diabetes mellitus, CKD, hypertension, COPD, potassium, and LDH.
3 Adjusted for age, sex, race, diabetes mellitus, CKD, hypertension, COPD, potassium, LDH, and admission creatinine.

Table 4. Unadjusted and adjusted linear regression of serum UA on log,-transformed troponin |

'Unadjusted 2Adjusted 3Adjusted
estimates standard p value estimates  standard pvalue estimates standard p value
error error error
Troponin | (N=747)
UA (log,) 2.24 0.44 <0.001 1.45 0.17 <0.001 117 0.18 <0.001
Quartiles, mg/dL
1.5to <44 Ref Ref Ref
>4.5t0<5.8 0.45 0.31 0.2 0.42 0.29 0.15 0.41 0.29 0.1
>591t0<8.8 2.05 0.32 <0.001 1.26 0.3 <0.001 1.1 0.3 0.0002
>89to0<21.5 413 0.31 <0.001 2.83 033 <0.001 2.37 0.34 <0.001
UA, mg/dL
<7 (for men), <6 (for women) (N = 424) Ref Ref Ref
>7 (for men), =6 (for women) (N = 323) 2.96 0.23 <0.001 1.83 0.24 <0.001 1.48 0.24 <0.001

UA, uric acid; CKD, chronic kidney disease; LDH, lactate dehydrogenase; COPD, chronic obstructive pulmonary disease. ' Unadjusted model. 2 Adjusted
for age, sex, race, diabetes mellitus, CKD, hypertension, COPD, potassium, and LDH. 3 Adjusted for age, sex, race, diabetes mellitus, CKD, hypertension, COPD,
potassium, LDH, and admission creatinine.
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While serum UA is likely a biomarker of a catabolic
state, it may also have a contributory role in the AKI. A
marked rise in serum UA can result in high urinary UA
concentrations that can form crystals and cause tubular
injury and inflammation and oliguric or nonoliguric AKI
[30]. While this is most commonly associated with the
treatment of tumors with chemotherapy (“tumor lysis”
syndrome), it has also been observed in catabolic states
such as seizures, rhabdomyolysis, heat stress and exer-
tion, or following cardiac surgery [31, 32]. There is also
increasing evidence that UA may also contribute to AKI
in the absence of crystal deposition, possibly by causing
low grade tubular injury and activation of inflamma-
somes leading to intrarenal inflammation [30].

A study conducted in Wuhan hospital with 174 CO-
VID-19 patients showed that serum UA was an indepen-
dent predictor of AKI, with a moderate accuracy (AUC
0.71) to predict AKI [33]. A retrospective study done in
China, which included 1,149 COVID-19 patients, showed
that serum UA levels over 6.7 mg/dL were associated with
higher levels of the inflammatory markers TNF-a, IL-6,
and ferritin [34]. In contrast, and surprisingly, another
study found that serum UA was lower in COVID-19 pa-
tients with greater disease severity; these findings were
prominent in males but were discordant in females [35].
This latter study included a younger population with low-
er baseline serum UA, serum creatinine, and comorbidi-
ties, and had limited statistical power due to the small
sample size (91 COVID-19 patients) than our study pop-
ulation.

This study has several limitations. First, serum UA was
not routinely measured in every patient. We excluded
half of the COVID-19 patients because they had no serum
UA measured during hospital admission for our study.
Similarly, a few patients lacking records of inflammatory
markers on admission were excluded from the regression
analysis. The absence of serum UA in more than half of
the patients and absence of inflammatory biomarker val-
ues could lead to selection bias and the results may not
represent the entire COVID-19 population. Second, since
we used the first available serum UA during hospital ad-
mission as the primary exposure, the timing of serum UA
measurement was not consistent across patients. Consid-
ering the possibility of serum UA fluctuations during
hospitalization from several factors, the temporality of
available values may confound the results of the study.
Additionally, the results of the study should be interpret-
ed with caution in presence of the various unaccounted
risk factors and comorbidities. However, we have includ-
ed the common comorbidities such as DM, CKD, COPD,
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and cardiovascular diseases in the multivariable model.
Last, although we performed a regression analysis to ad-
just for the differences of baseline variables in each pa-
tient, there could be a residual confounding factor due to
the nature of any observational study.

Despite above limitations, our findings suggest that
hyperuricemia is associated with AKI, MAKE, and in-
hospital mortality among racially diverse patients with
COVID-19. Additionally, hyperuricemia suggests a pos-
sible association with higher procalcitonin and troponin
I levels. An adequately powered prospective study is re-
quired to prove causality between serum UA and out-
comes and randomized placebo-controlled trials are
needed to determine the efficacy of UA lowering drugs to
prevent COVID-19 associated complications.
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